CHEMICAL ANALYSIS SYSTEM 



BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a chemical analysis 
system for determining a concentration of a predetermined 
chemical component in a sample liquid such as blood, urine 
or the like spotted on a chemical analysis element. 

Description of the Related Art 

There has been put into practice a dry 
( n dry-to-the-touch M ) chemical analysis element with which a 
specific chemical component or a solid component contained 
in a sample liquid can be quantitatively analyzed by only 
spotting a droplet of the sample liquid onto the element. 

When quantitatively analyzing the chemical 
components or the like contained in a sample liquid using 
such a dry chemical analysis element, a droplet of the 
sample liquid is spotted onto the element and is held at a 
constant temperature for a predetermined time (incubation) 
in an incubator so that coloring reaction occurs, and the 
optical density of the color formed by the coloring 
reaction is optically measured. That is, measuring light 
containing a wavelength which is pre-selected according to 
the combination of the component to be analyzed and the 
reagent contained in the reagent layer of the element is 
projected onto the element and the optical density of the 



element is measured. Then the concentration of the 
component to be analyzed is determined on the basis of the 
optical density using a standard curve which represents the 
relation between the concentration of the biochemical 
component and the optical density. 

In the chemical analysis system, the chemical 
analysis elements are transferred to the incubator one by 
one in sequence and taken out from the incubator to be 
discarded after measurement of the concentration. For 
example, as disclosed in Japanese Unexamined Patent 
Publication No. 6 1 ( 1986 ) -26864 , United States Patent No. 
4,296,069, the chemical analysis elements are carried in a 
disc-like incubator from the outer side of the incubator 
and taken out from the outer side of the same by ejecting 
the chemical analysis element from the inner side of the 
same or drawing out the chemical analysis element from the 
outer side of the incubator. 

Further there has been known a chemical analysis 
system in which the incubator is rotatable about its axis 
and has a plurality of chemical analysis element receiving 
portions arranged in a circle about the axis of rotation of 
the incubator and each chemical analysis element is 
inserted into one of the receiving portions by a conveyor 
means which conveys the chemical analysis element linearly 
toward the axis of rotation of the incubator and is pushed 
further toward the axis of rotation of the incubator by the 



conveyor means, after measurement of the concentration, 
into a discarding hole which opens at the center of the 
incubator. (See Japanese Unexamined Patent Publication No. 
6(1994)-66818. ) 

Further there has been known an ionic activity 
measuring system for measuring an activity of a specific 
ion contained in a sample liquid as disclosed, for 
instance, in United States Patent No. 4,257,862, Japanese 
Patent Publication No. 58 ( 1983 ) -4981 , Japanese Unexamined 
Patent Publication Nos . 58 ( 1983 ) -156848 and 58 ( 1983 ) -211648 
and Japanese Patent Publication No, 6 ( 1994 ) -82 1 13 . A 
chemical analysis element used in such an ionic activity 
measuring system comprises a pair of ion selective 
electrodes and a porous bridge which connects the ion 
selective electrodes. When a reference liquid containing 
therein the specific ion whose ionic activity is known is 
spotted onto one of the ion selective electrodes and a 
sample liquid containing therein the specific ion whose 
ionic activity is not known is spotted onto the other ion 
selective electrode, the reference liquid and the sample 
liquid come to electrically contact with each other through 
the porous bridge and a potential difference is produced 
between the ion selective electrodes according to the 
difference in the ionic activity between the specific ions 
contained in the sample liquid and the reference liquid. 
The ionic activity of the specific ion in the sample liquid 



can be determined according to the potential difference on 
the basis of a standard curve which has been obtained in 
advance according to Nernst equation. 

It is preferred that the ionic activity measuring 
system for measuring the ionic activity of a specific ion 
in a sample liquid using such a chemical analysis element 
be in the form of an analyzer which is provided with both 
function to spotting the sample liquid and the reference 
liquid onto the ion selective electrodes and function to 
measure the potential difference. In such an analyzer, the 
chemical analysis element spotted with the sample liquid 
and the reference liquid is transferred to a potential 
difference measuring section, where potential measurement 
probes are brought into contact with the ion selective 
electrodes to measure the potential difference between the 
electrodes. 

When the sample liquid is to be analyzed, it is 
sometimes necessary to determine both the concentration of 
a specific chemical component and the ionic activity of a 
specific ion. However, in conventional chemical analysis 
systems, the system for measuring the concentration of a 
chemical component and the system for measuring the ionic 
activity of an ion are separate from each other and 
accordingly, measurement of both the concentration of the 
chemical component and the ionic activity cannot be 
efficiently effected. Further the incubation temperature 



when the concentration of a chemical component is to be 
determined is sometimes different from that when the 
activity of an ion is to be determined and accordingly 
determination of the concentration of the chemical 
5 component and determination of the ionic activity must be 

effected with separate systems, which largely deteriorates 
efficiency of measurements. 

SUMMARY OF THE INVENTION 
In view of the foregoing observations and 
lift description, the primary object of the present invention is 

vy to provide a chemical analysis system in which measurement 

i-fl of the concentration of a specific chemical component and 

j3 the activity of a specific ion can be both effected 

:3 " efficiently. 

1|5 In accordance with a first aspect of the present 

invention, there is provided a chemical analysis system 

/ji comprising 

a means for spotting a sample liquid onto a first 
chemical analysis element for measuring the concentration 

20 of a specific component contained in the sample liquid, 

a means for spotting a sample liquid and a 
reference liquid onto a second chemical analysis element 
for measuring the activity of a specific ion contained in 
the sample liquid, 

25 an incubator in which the first chemical analysis 

element spotted with the sample liquid and/or the second 
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chemical analysis element spotted with the sample liquid 
and the reference liquid is placed and which holds the 
first and/or second chemical analysis element at a constant 
temperature, 

5 a concentration measuring means which is provided 
to measure the concentration of the specific component 
contained in the sample liquid by measuring the optical 
density of the color formed by the coloring reaction of the 
sample liquid and a reagent on the first chemical analysis 

l|>i element after incubation in the incubator, 

:pl an ionic activity measuring means which is provided 

in to measure the ionic activity of the specific ion contained 

jj in the sample liquid after incubation in the incubator, and 

6 a temperature control means which holds the first 
1|& and/or second chemical analysis element at a predetermined 

temperature, 

j| The chemical analysis system of the first aspect is 

useful when the chemical analysis element for measuring the 
concentration of a specific component contained in the 
20 sample liquid and the chemical analysis element for 

measuring the activity of a specific ion contained in the 
sample liquid may be incubated at the same predetermined 
temperature . 

In accordance with a second aspect of the present 
25 invention, there is provided a chemical analysis system 

comprising 
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a means for spotting a sample liquid onto a first 
chemical analysis element for measuring the concentration 
of a specific component contained in the sample liquid, 
a means for spotting a sample liquid and a 
5 reference liquid onto a second chemical analysis element 

for measuring the activity of a specific ion contained in 
the sample liquid, 

an incubator in which the first chemical analysis 
element spotted with the sample liquid and/or the second 
1:0| chemical analysis element spotted with the sample liquid 

;"j and the reference liquid is placed and which holds the 

'7i first and/or second chemical analysis element at a constant 

= |3 temperature, 

a concentration measuring means which is provided 
IS* to measure the concentration of the specific component 

:J§ contained in the sample liquid by measuring the optical 

:J3 density of the color formed by the coloring reaction of the 

sample liquid and a reagent on the first chemical analysis 
element after incubation in the incubator, 
20 an ionic activity measuring means which is provided 

to measure the ionic activity of the specific ion contained 
in the sample liquid after incubation in the incubator, and 

a temperature control means which holds the first 
chemical analysis element at a first predetermined 
25 temperature suitable for measuring the optical density of 

the color formed by the coloring reaction and holds the 
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second chemical analysis element at a second predetermined 
temperature suitable for measuring the ionic activity. 

The chemical analysis system of the second aspect 
is useful when the chemical analysis element for measuring 
the concentration of a specific component contained in the 
sample liquid and the chemical analysis element for 
measuring the activity of a specific ion contained in the 
sample liquid should be incubated at different 
temperatures . 

In Vhe chemical analysis systems in accordance with 
the first arm second aspects of the present invention, it 
is preferred fchat there is further provided with a chemical 
analysis element supply section which stores both the first 
and second chemical analysis elements, and a conveyor means 
for conveying tlhe chemical analysis element in the chemical 
analysis element supply section to the incubator. 

Further it is preferred that each chemical analysis 
element is provided with a bar code and the chemical 
analysis system is further provided with a detecting means 
which detects the position of the chemical analysis element 
in which the chemical analysis element is conveyed by 
reading the bar code. 

In the\ case of the chemical analysis element for 
^measuring the Ionic activity, the ionic activity cannot be 
accurately measured if the spotting order of the sample 
liquid and the reference liquid is reversed. By detecting 
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the position of the chemical analysis element in which the 
chemical analysis element is conveyed, it is possible to 
give the .alarm to the operator when the chemical analysis 
element is conveyed in a wrong position. The bar code may 
be used qor identifying the term of examination and the 
like . 

Further it is preferred that there is further 
provided a diluting unit which includes a sample liquid 
container and dilutes the sample liquid in the container 
with diluent. 

In the chemical analysis systems of the present 
invention, since both the concentration measuring means and 
the ionic activity measuring means are provided and the 
chemical analysis element for measuring the concentration 
of the specific component and the chemical analysis element 
for measuring the ionic activity are incubated in the same 
incubator, both the measurements can be effected 
efficiently . 

Further when a chemical analysis element supply 
section which stores both the first and second chemical 
analysis elements and a conveyor means for conveying the 
chemical analysis element in the chemical analysis element 
supply section to the incubator are provided, both the 
first and second chemical analysis elements can be conveyed 
to the incubator by a single conveyor means, whereby the 
structure of the system can be simplified. 
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Further when each chemical analysis element is 
provided with a bar code and the chemical analysis system 
is further provided with a detecting means which detects 
the position of the chemical analysis element in which the 
chemical analysis element is conveyed by reading the bar 
code, mistake in measurement of the ionic activity can be 
avoided. 

Further when a diluting unit which dilutes the 
sample liquid is provided, a sample liquid which is desired 
to be diluted before analysis can be quickly analyzed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic plan view of an important 
part of the chemical analysis system in accordance with an 
embodiment of the present invention, 

Figure 2 is a schematic front view showing the 
blood filtering unit, 

Figure 3 is a schematic side view showing the blood 
filtering unit, 

Figure 4 is a fragmentary front view of the blood 
filtering unit in operation, 

Figure 5 is a fragmentary cross-sectional view 
showing the conveyor means, 

Figure 6 is a fragmentary cross-sectional showing 
the incubator, 

Figure 7 is a fragmentary plan view showing the 
analyzer, 
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Figure 8 is a cross-sectional view taken along line 
I-I in Figure 7, 

Figure 9 is a view showing the sample holding 

portion, 

5 Figure 10 is a cross-sectional view of the spotting 

means, 

\^Qj^2}^J F ^9 ure | 11 is a fragmentary enlarged view as seen in 
the direction pf arrow A in Figure 11, 

Figure 12A is a perspective view of the chemical 
1=0; analysis element for measuring the optical density, 

jisjf Figure 12B is a perspective view of the chemical 

■p analysis element for measuring the ionic activity, 

=jg Figure 13 is a flow chart for illustrating the 

' ''-4 

operation of the chemical analysis system, 
ijE Figure 14 is a flow chart for illustrating the 

bipod filtering processing, 

Figures 15 and 16 show a flow chart for 
illustrating the dilution processing, and 

Figures 17 and 18 show a flow chart for 
20 illustrating the ionic activity measuring processing. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In Figure 1, a chemical analysis system 10 in 
accordance with an embodiment of the present invention 
comprises a blood plasma filtering unit 9 which separates 
25 blood plasma from blood, a chemical analysis element supply 

section 12 in which a plurality of virgin chemical analysis 
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elements 11 for measuring the concentration of a specific 
component in blood plasma and/or virgin chemical analysis 
elements 11' for measuring the ionic activity of a specific 
ion in blood plasma (both the chemical analysis elements 11 
and 11' will be sometimes represented by 11, hereinbelow) 
are contained, a spotting station 13 at which a sample 
liquid (blood plasma in this particular embodiment but may 
be the whole blood, blood serum, urine or the like) and/or 
a reference liquid or a diluent liquid in a sample holding 
portion 16 is spotted onto the chemical analysis element 11 
as will be described in detail later, and an incubator 14 
which receives therein the chemical analysis elements 11 
and holds the chemical analysis elements 11 at a constant 
temperature for a predetermined time. A conveyor means 15 
conveys the chemical analysis elements 11 one by one from 
the element supply section 12 to the spotting station 13. 
At the spotting station 13, a spotting means 17 spots a 
predetermined amount of the sample liquid (blood plasma) 
and/or the reference liquid or the diluent liquid onto the 
chemical analysis element 11 as will be described in detail 
later. Then the chemical analysis element 11 spotted with 
the sample liquid is inserted into a chemical analysis 
element receiving portion 55 in the incubator 14 by the 
conveyor means 15. After the chemical analysis element 11 
is incubated for a predetermined time, the optical density 
of the chemical analysis element 11 is measured by a light 



measuring head 2 7 of a measuring means 18 or the ionic 
activity of the sample liquid spotted onto the chemical 
analysis element 11* is measured by an analyzer 21. After 
the measurement, the chemical analysis element 11 is 
dropped into a discarding hole 56 at the center of the 
incubator 14 by the conveyor means 15. 

Figure 12A shows the chemical analysis element 11 
for measuring the concentration of a specific chemical 
component in the sample liquid. As shown in Figure 12A, 
the chemical analysis element 11 comprises a square mount 
in which a reagent layer is provided and the reagent layer 
is exposed through a spotting hole 11a. Blood plasma is 
spotted onto the reagent layer through the spotting hole 
11a. Figure 12B shows the chemical analysis elements 11 ■ 
for measuring the ionic activity of a specific ion in the 
sample liquid. As shown in Figure 12B, the chemical 
analysis element 11' is substantially the same in shape as 
the chemical analysis element 11 for measuring the 
concentration of a specific chemical component in the 
sample liquid and is provided with a pair of spotting holes 
11c and lid. As will be described later, blood plasma is 
spotted onto the spotting hole 11c and a reference liquid 
is spotted onto the spotting hole lid. Further the 
chemical analysis element 11' is provided with three pairs 
of ion selective electrodes lie, llf and llg, each pair of 
ion selective electrodes being brought into electrical 
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contact with the electrodes of the analyzer 21. The pairs 

of the ion selective electrodes lie, llf and llg are 

provided with ion selective layers which are selective to 
- + + 

CI , K and Na , respectively. A bar code for identifying 
5 terms of examination and the like is recorded on the back 

surface of the chemical analysis element 11(11' ). 

As shown in Figures 2 and 3, the blood plasma 
filtering unit 9 comprises a holder 1 which is mounted on 
the open end of a blood-gathering tube 7 placed in the 
M) sample holding portion 16 and a sucking means 2 which is 

connected to the holder 1 and supplies negative pressure 
igi for separating blood plasma from blood to the tube 7 . The 

;j3 holder 1 comprises a body portion 1A and a lid member IB 

which are formed of plastic. The body portion 1A comprises 
X& a plug portion la which is inserted into the tube 7, a 

£\ filter holding portion lb into which a filter 3 of a glass 

J3 fiber or the like is inserted, and a flange portion lc. 

The lid member IB comprises a flange portion Id, a. cup le 
for holding blood plasma filtered by the filter 3 and a 
20 supply nozzle If which supplies blood plasma from the 

filter 3 to the cup le. The lid member IB is bonded to the 
body portion 1A by bonding the flange portions lc and Id 
together, for instance, by ultrasonic welding. 

The sucking means 2 comprises an arm 2a mounted on 
25 a shaft member 4 which is supported for rotation on a base 

31. A suction pad portion 2b which sucks the lid member IB 
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of the holder 1 under suction is provided on the lower end 
of the arm 2a. The suction pad portion 2b is connected to 
a negative pressure supply portion 2c which is connected to 
a pump (not shown) and supplies a negative pressure to the 
5 suction pad portion 2b. The negative pressure supply 

portion 2c is provided with a pressure relief valve (not 
shown) for cutting the negative pressure from the pump. In 
the suction pad portion 2b is disposed a liquid level 
sensor 2d which detects the liquid level of the blood 
ljQ plasma in the cup le and prevents the blood plasma from 

J?i overflowing the cup le. A timing belt 5 (Figure 1) is 

passed around the shaft member 4 and a drive pulley 6a of a 

■ }~ : J 
.:e.s; 

35 drive motor 6 and the shaft member 4 is rotated back and 

forth in response to regular rotation and reverse rotation 

j%5 of the drive motor 6 . 

Further as shown in Figure 3, the shaft member 4 is 

?J5 mounted for rotation on a support member 63 fixed to the 

base 31. A lead screw 64 is supported for rotation between 
the support member 63 and the base 31. A pulley 65 is 

20 fixed to the lower end portion of the lead screw 64. A 

timing belt 68 is passed around the pulley 65 and a drive 
pulley 67 of a drive motor 66. A fixed member 69 is fixed 
to the shaft member 4 and the lead screw 64 extends through 
a threaded through hole 69a in the fixed member 69 in mesh 

25 with the inner thread of the fixed member 69 so that the 

shaft member 4 is moved up and down in response to rotation 
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of the lead screw 64. 

When blood plasma is to be separated from blood, 
the holder 1 is mounted on the blood-gathering tube 7 in 
the sample holding portion 16, and the arm 2a is rotated 
from an initial position shown by the solid line in Figure 
1 to an operative position shown by the chained line in 
Figure 1 so that the suction pad portion 2b of the arm 2a 
is opposed to the holder 1. Then the arm 2a is moved 
downward to bring the suction pad portion 2b of the arm 2a 
into abutment against the lid member IB of the holder 1 . 
Thereafter the suction pump (not shown) is operated to 
supply a negative pressure to a space between the suction 
pad portion 2b and the lid member IB, whereby the whole 
blood in the blood-gathering tube 7 is sucked through the 
plug portion la and filtered by the filter 3, Thus blood 
plasma passing through the filter 3 is supplied to the cup 
le through the supply nozzle If. 

The liquid level sensor 2d projects light onto the 
surface of the blood plasma supplied to the cup le and 
optically detects the reflected light from the surface of 
the blood plasma. The liquid level sensor 2d outputs a 
maximum signal when the liquid level of the plasma becomes 
substantially equal to the height of the cup le. When the 
liquid level sensor 2d outputs a maximum signal, the 
pressure relief valve is opened to terminate sucking of the 
blood. Thereafter, the arm 2a is moved upward and returned 
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to the initial position shown by the solid line in Figure 
1. 

As shown iA Figure 5, the conveyor means 15 
comprises a conveyoV: table 30 which has legs 30a at the 
front and rear ends ithereof and is placed on the base 31, 
and the element supplV section 12 is located at the middle 
of the conveyor table yO and the spotting station 13 is 
located between the element supply section 12 and the 
incubator 14. The element supply section 12 is provided 
with an element guide 32 which holds the chemical analysis 
elements 11. Generally a stack of a plurality of virgin 
chemical analysis elements ul are held in the element guide 
32. The slide guide 32 is mounted on a recess of the 
conveyor table 30 so that th^ lowermost one of the chemical 
analysis elements 11 in the smck is positioned 
substantially flush with the upper surface of the conveyor 
table 30. An opening 32a which Vpermits only a single 
chemical analysis element 11 to pass therethrough is formed 
in the front face of the element guide 32 at the lowermost 
portion thereof and an opening which permits insertion of a 
pusher (to be described later) is fiormed in the rear face 
of the element guide 32. Further a\slit 32b which 
communicates with a slit 30b formed Vn the conveyor table 
30 as will be described later is formed in the bottom of 
the element guide 32. A cartridge inlwhich a stack of a 
plurality of chemical analysis elements 11 is stored may be 
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set in the slji.de guide 32. 

An element pressing member 33 having a circular 
opening 33a is disposed at the spotting station 13. The 
element pressing member 33 is contained for up-and-down 
movement in a cover 34 fixed above the conveyor table 30. 
A glass plate 35 provided with a spotting opening 35a is 
fixed on the top of the cover 34. Further the spotting 
station 13 is provided with a bar-code reader 130 (Figure 
1) for reading the bar code on the chemical analysis 
element 11. The bar-code reader 130 is for identifying the 
terms of examination and the like and for detecting the 
position (upside down and/or inside out) of the chemical 
analysis element 11. 

The conveyance of the chemical analysis element 11 
is effected by forward movement of a plate-like pusher 36 
on the conveyor table 30. That is, a slit 30b extends in 
the longitudinal direction of the conveyor table 30 along 
the longitudinal axis thereof and the pusher 36 is mounted 
on the conveyor table 30 to be slidable along the slit 30b. 
A block 37 which is slidable along the slit 30b on the 
lower surface of the conveyor table 30 is fixed to the rear 
end portion of the pusher 36 by way of a connecting member 
extending through the slit 30b. An auxiliary plate 38 for 
pressing the pusher 36 against the upper surface of the 
conveyor table 30 is disposed above the conveyor table 30 
behind the element supply section 12. The auxiliary plate 
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38 is held in a cover 39 to be slightly movable up and 
down* 

A slider 40 is mounted on the bottom of the block 
37 and the slider 40 is supported for back and forth . 
5 movement on a guide rod 41 extending along the conveyor 

table 30. An endless belt 44 passed around a pair of 
pulleys 42 and 43 disposed at the front and rear ends of 
the conveyor table 30 is fixed to the slider 40. The rear 
pulley 43 is driven by a conveyor motor 45 to slide the 
%Q pusher 36 by way of the slider 40 and the block 37. The 

: ^ front end of the pusher 36 pushes the rear end face of the 

7^ chemical analysis element 11 to insert the chemical 

.'.g analysis element 11 linearly into the incubator 14 from the 

spotting station 13. 
l]f The conveyor motor 45 is controlled to convey the 

.A lowermost chemical analysis element 11 in the element guide 

32 to the spotting station 13, to insert the chemical 
analysis element 11 spotted with sample liquid into the 
chemical analysis element receiving portion 55 in the 
20 incubator 14 and to convey the chemical analysis element 11 

into the discarding hole 56 at the center of the incubator 
14 after measurement. 

As shown in Figure 6, the incubator 14 comprises a 
disc-like rotary member 50 and an upper member 54 disposed 
25 on the rotary member 50. The rotary member 50 is provided 

with a tubular member 51 at the central portion of the 
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lower surface thereof and the tubular member 51 is 
supported for rotation on a support member 53 by way of a 
bearing 52. The lower surface of the upper member 54 is 
flat and a plurality of (six in this particular embodiment) 
recesses are formed on the upper surface of the rotary 
member 50 at regular intervals in a circle, whereby a 
plurality of thin spaces which form the element receiving 
portions 55 are formed between the rotary member 50 and the 
upper member 54. The bottom surface of each element 
receiving portion 55 is flush with the upper surface of the 
conveyor table 30 and the outer peripheral surface of the 
rotary member 50 is positioned near the front end of the 
conveyor table 30. 

The inner hole of the tubular member 51 forms the 
discarding hole 56. The diameter of the discarding hole 56 
is set so that the chemical analysis element 11 can pass 
through the discarding hole 56. The rotary member 50 is 
provided with an opening 50a which is formed at the center 
of the rotary member 50 to communicate with the discarding 
hole 56. The portion inside the element receiving portion 
55 is flush with the bottom surface of the element 
receiving portion 55 and communicates with the opening 50a 
so that the chemical analysis element 11 in the element 
receiving portion 55 can be dropped into the discarding 
hole 56 by simply pushing the chemical analysis element 11 
toward the center of the rotary member 50. 



A heating means (not shown) is provided on the 
upper member 54. By controlling the heating means, the 
chemical analysis element 11 in the element receiving 
portion 55 is held at a constant temperature. Further the 
upper member 54 is provided with a pressing member 57 which 
presses the mount of the chemical analysis element 11 from 
above and prevents evaporation of the sample liquid. A 
cover 58 is provided on the upper surface of the upper 
member 54. The incubator 14 is covered with upper and 
lower light-shielding covers 59 and 60. When the degree of 
coloring (optical density) of the chemical analysis element 
11 is to be measured, the heating means is controlled to 
hold the chemical analysis element 11 in the element 
receiving portion 55 at 37 ±0.2° C and when the ionic 
activity is to be measured, the heating means is controlled 
to hold the chemical analysis element 11 in the element 
receiving portion 55 at 30 ±0.1° C. That is, the chemical 
analysis elements 11 must be held at different temperatures 
according to the purpose of measurement. However, since 
only a single heating means is provided in this particular 
embodiment, a pressing member 57* different from the 
pressing member 57 in shape is used for the chemical 
analysis element 11' for measuring the ionic activity and 
at the same the shape of the rotary member 50 is changed at 
the element receiving portion 55b for receiving the 
chemical analysis element ll 1 for measuring the ionic 



activity as will be described in detail later so that less 
heat is transmitted to the chemical analysis element 11' 
for measuring the ionic activity. 

An opening 55a for measuring light is formed in the 
center of the bottom surface of each element receiving 
portion 55 for receiving the chemical analysis element 11 
for measuring the optical density thereof. The light 
measuring head 27 of the measuring means 18 disposed in the 
position shown in Figure 1 measures the amount of light 
reflected from the chemical analysis element 11 through the 
opening 55a. One 55b of the element receiving portions 55 
is provided with three pairs of probe insertion holes 55c, 
55d and 55f (Figure 1) for measuring ionic activity (to be 
described later) and the chemical analysis element 11' for 
measuring the ionic activity is inserted into the element 
receiving portions 55b. 

The incubator 14 is rotated back and forth by a 
timing belt (not shown) passed around the tubular member 51 
of the rotary member 50 and a drive pulley (not shown) of a 
drive motor. Rotation of the incubator 14 is controlled so 
that the light measuring head 27 positioned in a 
predetermined angular position of the incubator 14 is first 
opposed to a white reference plate and then opposed to a 
black reference plate. The light measuring head 27 
measures the optical densities of the white and black 
reference plates and calibration is executed. Thereafter 



the chemical analysis elements 11 in the element receiving 
portions 55 are brought to the light measuring head 27 in 
sequence and the optical densities of the chemical analysis 
elements 11 are measured. Then the incubator 14 is 
reversed to return to the initial position. When the ionic 
activity is to be measured, a chemical analysis element 11' 
is inserted into the element receiving portion 55b and the 
incubator 14 is rotated to bring the element receiving 
portion 55b to the analyzer 21. After measurement of the 
ionic activity, the incubator 14 is reversed to return to 
the initial position. 

A discarding box 70 for gathering chemical analysis 
elements 11 after measurement is disposed below the 
incubator 14. The inner space 71 of the discarding box 70 
is positioned below the discarding hole 56 in the tubular 
member 51 of the incubator 14. The discarding box 70 is 
positioned so that the inner space 71 is shifted in one 
direction from the center of the incubator 14 due to the 
layout of other components. An inclined surface 72 is 
formed in a corner of the inner space 71. The inclined 
surface 72 is positioned below a tip removing portion 20 
(to be described later) and nozzle tips 25 which are 
changed each time the sample liquid is changed are dropped 
onto the inclined surface 72. The inclined surface 72 is 
inclined downward (20 to 45° ) toward the inner space 71 so 
that the nozzle tip 25 dropped onto the surface 72 falls 



down and are gathered toward the center of the inner space 
71. 

A projection 73 erects from the bottom of the inner 
space 71 of the discarding box 70 in a positioned shifted 
from the center of the discarding hole 56 in the direction 
opposite to the direction in which the discarding box 70 is 
shifted from the center of the incubator 14. The tip of 
the projection 73 is like a ball or needle and the chemical 
analysis elements 11 dropped into the discarding box 70 
through the discarding hole 56 change their directions of 
travel upon impact against the tip of the projection 73 so 
that the chemical analysis elements 11 are scatter over the 
wide area in the discarding box 70. 

As shown in\ Figure 1, the analyzer 21 for measuring 
the ionic activity iis positioned below the rotary member 50 
of the incubator 14. Vrhe basic structure of the analyzer 
21 is disclosed, for instance, in United States Patent 
4,257,862, Japanese PateVt Publication Nos. 58 ( 1983 ) -4981 
and 6 ( 1994 ) -82 113 and Japanese Unexamined Patent 
Publication Nos. 58 ( 1983 ) -1^6848 and 58 ( 1983 ) -211648 . As 
shown in Figures 7 and 8, tha analyzer 21 is provided with 
three pairs of through holes l\o, 111 and 112 and three 
pairs of potential measuring probes 113, 114 and 115 are 
supported for up-and-down movemervt in the through holes 
110, 111 and 112. Since the probesi 113, 114 and 114 are 
the same in arrangement, only the probes 113 will be 
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describjed, hereinbelow. 

As shown in Figure 8, the probes 113 are fixed to 
an up-and-down member 121 which is moved up and down along 
a fixed member 120 erected from a base portion 150 and are 
in electrical contact with a measuring portion 122 of the 
analyzer 21. A holding member 123 which holds the chemical 
analysis element 11' together with the pressing member 57 1 
is mounted on the up-and-down member 121. The pressing 
member 57 1 for the chemical analysis element 11* for 
measuring the ionic activity is concave toward the chemical 
analysis element 11' in order to reduce the contact area 
with the element 11* and not to be brought into contact 
with the sample liquid and/or the reference liquid. The 
up-and-down member 121 is urged downward in Figure 8 by a 
spring not shown. A drive motor 124 is disposed beside the 
up-and-down member 121 and a cam member 12 5 is mounted on 
the output shaft of the drive motor 12 5 to be opposed to an 
abutment portion 12 6 on one side of the up-and-down member 
121. In response to rotation of the drive motor 124, the 
cam member 125 moves from the position shown by the solid 
line to the position shown by the chained line to push 
upward the up-and-down member 121 by way of the abutment 
portion 126, whereby the probes 113 and the holding member 
123 are moved upward. When the cam member 125 is away from 
the abutment portion 126, the tips of the probes 113, 114 
and 115 are retracted in the analyzer 21. However when the 
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up-and-down member 121 is moved upward, the probes 113, 114 

and 115 are projected from the surface of the analyzer 21 

and are brought into electrical contact with the ion 

selective electrodes lie, llf and llg of the chemical 

analysis element 11'. 

A chemical analysis element 11' spotted with blood 

plasma onto the spotting hole 11c and with the reference 

liquid onto the spotting hole lid is inserted into the 

element receiving portion 55b and the rotary member 50 of 

the incubator 14 is rotated, after incubation for a 

predetermined time, to bring the receiving portion 55b to 

the analyzer 21, Then the probes 113, 114 and 115 are 

moved upward together with the holding member 12 3, The 

bottom wall of the element receiving portion 55b is formed 

with a cutaway portion which is shaped and sized to permit 

insertion of the holding member 123 and minimizes heat 

transmission from the rotary member 50 to the chemical 

analysis element 11' so that the chemical analysis element 

11' is held at the temperature described above. The 

chemical analysis element 11' is held between the pressing 

member 57 1 and the holding member 123 and at the same time, 

the probes 113, 114 and 115 are respectively brought into 

contact with the ion selective electrodes lie, llf and llg 

of the chemical analysis element 11*. The potential 

differences between the respective ion selective electrode 

+ 

pairs are measured, whereby the activities of CI , K and 



Na in the blood plasma are measured. The ionic activities 
thus measured are displayed on a display such as a liquid 
crystal panel and/or recorded on a paper. 

As shown in Figure 9, the sample holding portion 16 
comprises a reference liquid tip holding portion 16a which 
holds a nozzle tip 25a for the reference liquid, an 
electrolyte sample tip holding portion 16b which holds a 
nozzle tip 25b for an electrolyte sample, a reference 
liquid holding tube 16c, a diluent tip holding portion 16d 
which holds a nozzle tip 25d for diluent, a diluent cup 
16e, a mixing cup 16f , a blood-gathering cup holding 
portion 16g and a sample liquid tip holding portion 16h 
which holds a nozzle tip 25h for the sample liquid. The 
reference liquid tip holding portion 16a, the electrolyte 
sample tip holding portion 16b, the reference liquid 
holding tube 16c, the diluent tip holding portion 16d, the 
diluent cup 16e, the mixing cup 16f, the blood-gathering 
tube holding portion 16g and the sample liquid tip holding 
portion 16h are disposed along the path along which 
spotting nozzles 91a and 91b are moved in response to 
rotation of a spotting arm 88 of the spotting means 17 as 
will be described later. The sample holding portion 16 is 
a consumable good as a whole in this particular embodiment, 
and is replaceable. 

Ak shown in Figure 10, a flange member 83 is 
mounted foA rotation by way of a bearing (not shown) on a 



rotation on the conned. 
83. The lower end port 
downward through the fl. 
fixed to the lower end 
arm 88 is supported on 



support member 80 installed on the base 31. A pair of 
guide rods 84 are erectjed upward in parallel to each other 
from the upper surface [of the flange member 83. The upper 
ends of the guide rods 84 are connected to a connecting 
member 85. A lead screw 86 extends between the connecting 
member 85 and the fiance member 83 and is supported for 

ing member 85 and the flange member 
ion of the lead screw 86 projects 
ange member 83 and a pulley 87 is 
of the lead screw 86. A spotting 
the guide rods 84 to be movable up 
and down along the guide rods 84 by way of a pair sleeves 
89 which are fixed to the base end portion of the spotting 
arm 88 and slidably fitued on the guide rods 84. A through 
hole is formed in the balse end portion of the spotting arm 
88 and a nut member 90 i$ fixedly fitted in the through 

extends through the base end 
portion of the spotting arm 88 and is in mesh with the nut 
member 90, whereby the spotting arm 88 is moved up and down 

5 the lead screw 86. 
As clearly shown in Figure 11, a pair of spotting 
nozzles 91a and 91b are mounted for up-and-down movement on 
the free end of the spotting arm 88 and urged downward 
respectively by a pair of springs 92a and 92b. The nozzle 
91a is for a sample liquid and an electrolyte sample and 
the nozzle 91b is for a diluent and a reference liquid. 



hole. The lead screw 86 



in response to rotation o 
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Pipette-like nozzle tips 25a, 25b, 25d and 25h (will be 
represented by 25, hereinbelow) are removably mounted on 
the nozzles 91a and 91b. Virgin nozzle tips 25 are set in 
the sample holding portion 16 and are fitted on the 
spotting nozzles 91a and 91b in response to downward 
movement of the spotting arm 88. After use, the nozzle 
tips 25 are removed from the nozzles 91a and 91b by moving 
upward the spotting arm 88 with the upper end face of each 
tip 25 engaged with an engagement groove 20a of a tip 
removing portion 2 0 (Figure 1) and are dropped into the 
discarding box 70 through an opening 20b. 

A timing belt 94 is passed around the flange member 
83 and a drive pulley (not shown) on the output shaft of an 
arm rotating motor (not shown), and the arm rotating motor 
is rotated in regular and reverse directions to bring the 
nozzles 91a and 91b to predetermined positions. Further a 
timing belt 99 is passed around the pulley 87 on the lower 
end of the lead screw 8 6 and a drive pulley (not shown) on 
the output shaft of an arm lifting motor (not shown) and 
arm lifting motor is rotated in regular and reverse 
directions to rotate the lead screw 86, thereby moving up 
and down the spotting arm 88. 

Air passages 101a and 101b extend through the 
spotting nozzles 91a and 91b and air pipes 110a and 110b 
are connected respectively to the upper ends of the air 
passages 101a and 101b at their one ends. The other ends 



of the air pipes 110a and 110b are connected to a syringe 
102 (Figure 1) of a sucking mechanism 19. By. operation of 
the syringe 102, liquid is sucked into the nozzle tips 25 
and discharged from the same. A solenoid valve (not shown) 
is provided in the sucking mechanism 19 and switching 
between the spotting nozzles 91a and 91b is effected by 
switching the solenoid valve. 

When spotting a liquid onto a chemical analysis 
element 11, the spotting arm 88 is rotated to bring the 
nozzle tip 2 5 above the liquid and is moved downward to dip 
the nozzle tip 25 in to the liquid. Then the syringe 102 
is operated to suck the liquid into the nozzle tip 25. 
Thereafter the spotting arm 88 is moved upward and is 
rotated to the spotting station 13 and is moved downward 
toward the chemical analysis element 11, where the syringe 
102 is operated to discharge the liquid held in the nozzle 
tip 25 onto the chemical analysis element 11. 

The operation of the chemical analysis system in 
accordance with this embodiment will be described with 
reference to the flow charts shown in Figures 13 to 18, 
hereinbelow. 

Before executing analysis, the chemical analysis 
elements 11 (and/or 11') are set in the chemical analysis 
element supply section 12 and the sample holding section 16 
is set to the system as shown in Figure 1. At this time, 
the nozzle tip 25a for the reference liquid, the nozzle tip 



25b for an electrolyte sample, the diluent, the nozzle tip 
25d for the diluent, the blood-gathering tube 7 and the 
nozzle tip 25h for the sample liquid are held respectively 
in the reference liquid tip holding portion 16a, the 
5 electrolyte sample tip holding portion 16b, the diluent 

holding tube 16c, the diluent tip holding portion 16d, the 
blood-gathering tube holding portion 16g and the sample 
liquid tip holding portion 16h. 

In Figure 13, the chemical analysis system is first 
initialized. (step SI) Then the whole blood in the blood- 
gathering tube 7 is filtered to obtain blood plasma. (step 
:-ni§ S2) The blood filtering procedure executed in step S2 will 

7ii be described with reference to the flow chart shown in 

Figure 14, hereinbelow. 
;i5 In Figure 14, stain of the liquid level sensor 2d 

jni is checked and the gain of the liquid level sensor 2d is 

JS set by setting a reference plate at the height of the cup 

le. (step S21) Then the arm 2a is rotated to bring the 
suction pad portion 2b to a position where it is opposed to 
20 the holder 1 shown by the chained line in Figure 1, and the 

arm 2a is moved downward to bring the suction pad portion 
2b into abutment against the lid member IB of the holder 1. 
(step S2 2) Then the pump (not shown) is operated to apply 
a negative pressure to the space between the lid member IB 
2 5 and the suction pad portion 2b, whereby blood plasma 

passing through the filter 3 is supplied to the cup le 
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through the supply nozzle If. (step S23) At this time, it 
is possible to detect leakage and/or the hematcrit of the 
blood by checking the pressure in the pump. 

Then when the liquid level sensor 2d detects that a 
predetermined amount of blood plasma is supplied to the cup 
le, the pump is stopped. (step S24) In place of detecting 
the liquid level by the liquid level sensor 2d, the pump 
may be stopped after a predetermined time. Thereafter the 
pressure relief valve of the negative pressure supply 
portion 2c is opened to cut supply of the negative pressure 
from the pump (step S25) and the arm 2a is moved upward to 
move the suction pad portion 2b away from the lid member IB 
and returned to the initial position shown by the solid 
line in Figure 1. 

Again in Figure 13, a chemical analysis element 11 
is conveyed to the spotting station 13 from the element 
supply section 12 by the conveyor means 15. Then bar-code 
reader 130 reads the bar code on the chemical analysis 
element 11 to detect the terms of examination and the like, 
(step S3) When the term of examination read is measurement 
of the ionic activity, the procedure proceeds to B, and 
when the term of examination read is measurement of the 
optical density after dilution, the procedure proceeds to 
Al . When the term of examination read is measurement of 
the optical density without dilution, the spotting arm 88 
is rotated to bring the spotting nozzle 91a to the sample 



holding portion 16 and the nozzle tip 25h for the sample 
liquid is mounted on the nozzle 91a. (step S4) Then the 
liquid level of the sample liquid (blood plasma) in the cup 
le is detected to know the liquid level and to confirm 
whether a necessary amount of blood plasma exists in the 
cup le. (step S5) The spotting arm 88 is thereafter moved 
downward and the sample liquid in the cup le is sucked into 
the nozzle tip 25h (step S6), and the spotting arm 88 is 
driven to bring the nozzle tip 25h to the spotting station 
13 and the sample liquid is spotted onto the chemical 
analysis element 11 through the spotting hole 11a (step 
S7). At this time, it is possible to detect clogging of 
the tip 25h by detecting the change in pressure and 
comparing the change with a reference value. 

In step S8, the chemical analysis element 11 
spotted with the sample liquid is inserted into the 
incubator 14 which is held at 37 ±0.2° C. When a plurality 
of chemical analysis elements 11 are continuously 
processed, other chemical analysis elements 11 are conveyed 
to the spotting station 13 one by one and the bar codes on 
the elements are read. (step S13) Then steps S6 to S8 are 
repeated. When the term of examination read is measurement 
of the ionic activity, the procedure proceeds to B after 
the nozzle tip 25h is discarded in step S14, and when the 
term of examination read is measurement of the optical 
density after dilution, the procedure proceeds to A2 . 
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After the chemical analysis elements 11 are 
inserted into the incubator 14, the rotary member 50 is 
rotated to bring the chemical analysis elements 11 in the 
element receiving portions 55 to the light measuring head 
27 in sequence and the reflective optical density of each 
chemical analysis element 11 is measured by the light 
measuring head. (step S9) After the measurement, the 
conveyor means 15 pushes the chemical analysis element 11 
toward the center of the incubator 14 and drops the same 
into the discarding hole 56. (step S10) Thereafter the 
result of the measurement is output in step Sll, and the 
nozzle tip 25h is removed from the nozzle 91a at the tip 
removing portion 20 and is discarded in step S12. 

The case where the term of examination is 
measurement of the optical density after dilution will be 
described with reference to the flow chart shown in Figures 

15 and 16, hereinbelow. This examination is executed when 
the blood is too thick to accurately measure the optical 
density. In step S31, the spotting arm 88 is rotated to 
bring the spotting nozzle 91a to the sample holding portion 

16 and the nozzle tip 25h for the sample liquid is mounted 
on the nozzle 91a. Then the liquid level of the sample 
liquid (blood plasma) in the cup le is detected to know the 
liquid level and to confirm whether a necessary amount of 
blood plasma exists in the cup le. (step S32) The 
spotting arm 88 is thereafter moved downward and the sample 



liquid in the cup le is sucked into the nozzle tip 25h 
(step S33). At this time, it is possible to detect 
clogging of the tip 25h by detecting the change in pressure 
and comparing the change with a reference value. 
5 Then in step S34, the sample liquid in the nozzle 

tip 25h is discharged into the mixing cup 16f. The nozzle 
tip 25h is thereafter removed from the nozzle 91a at the 
tip removing portion 20 and is discarded in step S35. 
Thereafter, the spotting arm 88 is rotated to bring the 
M) spotting nozzle 91b to the sample holding portion 16 and 

; y the nozzle tip 25d for the diluent is mounted on the nozzle 

^'i 91b. (step S36) Then the liquid level of the diluent in 

j3 the diluent cup 16e is detected to know the liquid level 

and to confirm whether a necessary amount of diluent exists 
in the cup 16e. (step S37) The spotting arm 88 is 
^ thereafter moved downward and the diluent in the cup 16e is 

jj sucked into the nozzle tip 25d. (step S38) At this time, 

it is possible to detect clogging of the tip 25d by 
detecting the change in pressure and comparing the change 
20 with a reference value. 

Then in step S39, the diluent in the nozzle tip 25d 
is discharged into the mixing cup 16f. Thereafter, the 
nozzle tip 25d is dipped into the mixed liquid and sucking 
and discharging are alternately repeated to stir the 
25 mixture. (step S40) After the stir, the diluted sample 

liquid is sucked into the tip 25d and the spotting arm 88 
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is driven to bring the nozzle tip 25d to the spotting 
station 13 and the diluted sample liquid is spotted onto 
the chemical analysis element 11 through the spotting hole 
11a (steps S41 and S42). At this time, it is possible to 
detect clogging of the tip 25d by detecting the change in 
pressure and comparing the change with a reference value. 
When a plurality of chemical analysis elements 11 are 
continuously processed, other chemical analysis elements 11 
are conveyed to the spotting station 13 one by one and the 
bar codes on the elements are read (step S43) and steps S41 
and S42 are repeated. 

Then in steps S45 to S49, the chemical analysis 
element 11 spotted with the diluted sample liquid is 
inserted into the incubator 14, the rotary member 5 0 is 
rotated to bring the chemical analysis elements 11 in the 
element receiving portions 55 to the light measuring head 
27 in sequence, the reflective optical density of each 
chemical analysis element 11 is measured by the light 
measuring head, the conveyor means 15 pushes the chemical 
analysis element 11 toward the center of the incubator 14 
and drops the same into the discarding hole 56, the result 
of the measurement is output, and the nozzle tip 25d is 
removed from the nozzle 91a and is discarded* 

The case where the term of examination is 
measurement of the ionic activity will be described with 
reference to the flow chart shown in Figures 17 and 18, 



hereinbelow. In this case, the chemical analysis element 
conveyed in step S3 in Figure 13 is a chemical analysis 
element 11* for measurement of the ionic activity. First 
the spotting arm 88 is rotated to bring the spotting nozzle 
5 91a to the sample holding portion 16 and the nozzle tip 25b 

for the electrolyte sample is mounted on the nozzle 91a. 
(step S51) Then the liquid level of the sample liquid 
(blood plasma) in the cup le is detected to know the liquid 
level and to confirm whether a necessary amount of blood 
plasma exists in the cup le. (step S52) The spotting arm 
88 is thereafter moved downward and the sample liquid in 
the cup le is sucked into the nozzle tip 25b (step S53). 

.-"ST; 

j3 At this time, it is possible to detect clogging of the tip 

25b by detecting the change in pressure and comparing the 
ijl change with a reference value. 

A In step S54, the solenoid valve in the sucking 

fi mechanism 19 is switched to switch the flow passage of the 

pressure to the spotting nozzle 91b. Then the spotting arm 
88 is rotated to bring the spotting nozzle 91b to the 

20 sample holding portion 16 and the nozzle tip 25a for the 

reference liquid is mounted on the nozzle 91b. (step S55) 
Then the liquid level of the reference liquid in the 
holding tube 16c is detected to know the liquid level and 
to confirm whether a necessary amount of reference liquid 

25 exists in the holding tube 16c. (step S56) The spotting 

arm 8 8 is thereafter moved downward and the reference 
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liquid in the holding tube 16c is sucked into the nozzle 
tip 25a (step S57). At this time, it is possible to detect 
clogging of the tip 25a by detecting the change in pressure 
and comparing the change with a reference value. 

In step S58, the solenoid valve in the sucking 
mechanism 19 is switched to switch the flow passage of the 
pressure to the spotting nozzle 91a. Then the spotting arm 
88 is rotated to bring the spotting nozzle 91a to the 
spotting station 13 and the sample liquid in the nozzle tip 
25b is spotted onto the spotting hole 11c of the chemical 
analysis element 11'.' (step S59) Then in step S60, the 
solenoid valve in the sucking mechanism 19 is switched to 
switch the flow passage of the pressure to the spotting 
nozzle 91b and in step S61, the reference liquid in the 
nozzle top 25a is spotted onto the spotting hole lid of the 
chemical analysis element 11'. 

In step S62, the chemical analysis element 11' 
spotted with the sample liquid and the reference liquid is 
inserted into the element receiving portion 55b of the 
incubator 14 and is held at 30±1° C. After the incubation 
in the incubator 14, the rotary member 50 is rotated to 
bring the chemical analysis element ll 1 in the element 
receiving portion 55b to the analyzer 21 and the ionic 
activity is measured by the analyzer 21. (step S63) After 
the measurement, the conveyor means 15 pushes the chemical 
analysis element 11' toward the center of the incubator 14 
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and drops the same into the discarding hole 56. (step S64) 
Thereafter the result of the measurement is output in step 
S65, and the nozzle tips 25a and 25b are removed from the 
nozzles 91a and 91b at the tip removing portion 20 and are 
discarded in step S66. 

As can be seen from the description above, the 
chemical analysis elements 11 inserted into the element 
receiving portions 55 for measurement of the optical 
density are held at a constant temperature suitable for the 
measurement and the chemical analysis element 11 1 inserted 
into the element receiving portion 55b for measurement of 
the ionic activity is held at a constant temperature 
suitable for the measurement, measurement of the optical 
density and measurement of the ionic activity both can be 
effected efficiently in a single chemical analysis system. 

The number of the element receiving portions 55 in 
the incubator 14 may be changed as desired and the blood 
filtering unit 9 may be placed in any position. 

In the case where the chemical analysis element 11' 
for measurement of the ionic activity may be incubated at 
the same temperature as the chemical analysis element 11 
for measurement of the optical density, the pressing member 
57* for the element receiving portion 55b for the chemical 
analysis element 11' for measuring the ionic activity may 
be the same as the pressing member 57 for the chemical 
analysis element 11 for measuring the optical density in 



shape and the shape of the rotary member 50 at the element 
receiving portion 55b for receiving the chemical analysis 
element 11' for measuring the ionic activity may be the 
same as that at the element receiving portion 55 for 
receiving the chemical analysis element 11 for measuring 
the optical density. 



